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Our invention relaes to the production of open hearh or oher suiable meling echnique 
silicon steel for magnetic uses, the steel being is cas into ingots which are heated in the soak- 
characterized by a high degree of preferred ing piks and rolled, into slabs on a blooming or 
orientation, and being highly directional in prop- slabbing mill. The slabs are then heated in a 
erties. More particularly out invention relates 5 slab furnace and rolled to a desired ho roll gauge 
to the production of silicon seel having that in a continuous ho rolling mill comprising 
tyPe of crystal orientation in the rolling direction roughing and finishing stands. The hot rolled 
known as [100] (011) or "cube-on-edge," and steel then is the starting material for any of 
the derivatives of suchorientation, those routings comprising cold rolling and heat 
The fundamental object of out invention is the 10 treatment steps which bave been generally char- 
provision of a procedure whereby enhanced de- acterized above. The value of a hea treatment 
grees of preferred orientation may be obtained subsequent to ho rolling and prior to cold rolling 
in silicon steels, and the provision of certain has hithertobeenrecognized; and thisheattreat- 
preliminary steps which are effective in enhanc- ment may either be in the nature of a box anneal, 
ing the degree of preferred orientation produced 15 or if may be a continuous hea treatmen at 
by other and subsequent steps, all as will herein- 1400 ° fo 2000 ° F. The material is pickled prior 
after be set forth, to cold rolling to remove surface oxides. 
I is thus an object of out invention o provide Since for most uses a low carbon, low core loss 
a sertes of steps which, practiced as preliminary material is desired, if is usual to include a de- 
to the steps comprising any of the known proc- 20 carburizing treatment in the rouing. While 
esses of making highly oriented silicon seel, will other treatments are available, this may be and 
produce a marked and useful change in the per- preferably is an open anneal in a decarburizing 
rection of the orientation so produced, gas at about 1500 ° F. for a brief rime varying with 
These and other objects of the invention, which the thickness of the material. In many proc- 
will be se forth hereinafter or will be apparent 25 esses such a decarburizing treatment will follow 
fo one skilled in the ar upon reading these all cold rolling treatmen, and be followed in is 
specifications, we accomplish by that sertes of turn by the high temperature final anneal, usual- 
process steps and treatments of which we shall ly a box anneal in dry hydrogen ai around 
now describe certain exemplary embodiments. 2050 ° F. or higher. 
The material fo which the invention relates is 3O If bas also long been recognized that the num- 
silicon steel in general having a sflicon conten ber of cold rolling treatments, the correlation of 
of abou 2.5 fo 4.0%. A ypical but non-limiting the specific reductions produced in each, and the 
analysis ïor such a steel after the final anneal temperatures of the intermediate and final an- 
is as follows: neals exert a controlling effect upon the degree 
Per cent 35 of preerred orientation produced. These vari- 
Carbon ................................. 005 ables will not herein be specifically discussed nor 
Manganese ............................. 1 their correlation pointed out for the reason that 
Phosphorus ............................. 007 the new steps herein taught are applicable fo any 
Sulphur less than ....................... 003 and all of the known processes which by them- 
Silicon ................................. 3.2 40 selves result in the production of the so-called 
Tin .................................... 02 oriented silicon steels. We have round that the 
Copper ................................. 15 new steps herein taught, applied fo any of these 
Aluminum .............................. 01 processes will result in a useful enhancement of 
the perfection of the preferred orientation and 
I-litherto in the art, various processes for mak- 45 hence a higher permeability in the rolling direc- 
ing oriented silicon steels have been known, tion. 
These comprise in general a heavy eold rolling The permeabilities referred fo herein are per- 
reduction followed by a high temperature final mea.bilities measured in a direction parallel fo the 
anneal for developing the ulimate magnetic rolling direction in stress free material at a field 
characteristics. Certain processes comprise two 50 strength of 10 oersteds, using a test density of 
or more cold rolling reductions with an inter- the steel of 7.65. The maximum possible per- 
mediate open anneal ai a temperat-ure around meability, i. e. the permeability of a single crystal 
1500 ° fo 1850 ° F., the high temperature anneal measured in the best direction is believed to 
following the last cold rolling reduction. In the fie between 1900 and 1950 for steel of 3.2% silicon 
usual practice, the silicon steel as podced by the. 55 conenk These values are not attained in prac- 
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tiee, and various prior art processes haro, neg- 
lectini sporadic variations, produced permeabili- 
tiei fallini short of these ideal values. In proc- 
esses includini the steps of this invention, per- 
meabflities ui to t8S5 bave been obtained con- 
sistently. This may be. compared fo an average 
permeab,ility of 1450 in the same material under 
the saine conditions but tested in a direction 
transverse fo the rollini direction, and fo similar 
values for non-oriented steel Of the srne anatysis 
tested parallel fo the rollini directi'on. The prsc- 
tice of the steps herein out2inedcan- be depended  
upon fo add about 100 to the penesbility e2ues: 
hitherto produced by specific voUtings disclosed. 
in prior art patents, and with certain routinis 
bave produced improvements as high aa 280.. 
Another commonly used basis for comparison 
of permeabflities is to measure the permeabili- 
ries at a constant induction if 16 kitogausses. 
On this basis an improvement from 1660 (a coin- 
mon ,peïmeabfliy in 0riened silicon, steel prier 
to out invention) fo Ï835. mesued at constan% 
mgnetizing force of 10 oerstes, is eqnivalen-, fo 
an imprm,ement ïrom 290t fo 2,00:0: s,t eonstan 
induction, This is a very important, im!move 
ment since if means, that the exc[tiïg-cnrrent, in 
 transformer opez.ting at: 16. kflogausses. wil,1 be 
nearly eight t'nes as high wherï constructed' of 
material having a permebility f 1660 .. 10 
oe'steds as ïor a tansformer built w, ith. the.-same 
weight, of core fom mevial haing, a p.ermer 
ability of t835 Thus u smaI1, increase in, the 
permeabfiity at 10 oersteds will reSult, in a large 
decrease in. the exciting current-requi.red' at the 
nomal operating inductièn'. Such an. implore- 
ment in excting Cuen is Of importance in.per- 
mitting substnti-l' sa,irgs: in the weigh of cotes 
and windirïgs prodeoE it is aecomprded: by a 
core loss per unit weigh a.  giver» induction 
Such that. (.as maF be the: cse witt matin:lais 
mae in acc0rdance herev4th): he toa enegy 
loss of the lighter core wiil' be' compable to 
tht of. the-heav2é core ruade of: mateial.pçvi- 
ously availablè. 
Hittierto in the deelpmènt, ò: prcesses for 
lroducing high pemeabflit: si:li¢o .férrit  shèets 
or strip, atteiti0n: hs: beer fOcUSeoE. pmaril:y 
upon the amounts of c61d edction ir thé. ser- 
oral stages and the temperatureS of the: inter- 
modiste and final arrosais,. Y¢hlïe.relatiely lligh 
permeabilities have .been secured; thè. product: in 
geneïal was characteized:. 
tions in permeaflitF s btween par, ts of indi-- 
vidual coils prodnCed,, and. noneducibili.ty f 
results under manF circUmstances» V¢e he 
ïound that there are variables s, ffecting the: 
entation of the product which bave. 
to been understood or consideed Thèse. 
ables are of such importance in tlIe production 
of high degrees of orientation tha atcnkion:, to 
them in ccordance: with the ea¢ngs: heen 
can. be depended upon fo lroduc nrk_ed- and 
useful increàses in permeabiIiF, as ha$, b_eeriir- 
dicated. M0reovmï àttenión to thes "aribl:es 
tends very greatly to minimize tlie îrr-egut.m:i- 
ries mentioned above. 
There has hitherto been sme suggestion, in 
the art that the hot rol]ing temperature mlght 
affect the ultimate.perme.a:bility. We_=hve fo.u:nd 
that the actual temperature of hot . ro_lling, in- 
cluding the. rate of cooling during and subse- 
quent  fo hot rolling, and specific temperaùes at 
the concision of the hot reduction,.whiteof:some 
importance, are. retativelF minor 
bave foïnd, that: an. espe.ciàtly .lmi0rtart: vari- 
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able hitherto um'ecognized lies in the tempera- 
ture attained by the material prior to hot strip 
rolling, and especially in the form of slabs suit- 
able for hot rolling. 
5 n accordance with our invention if is our 
practice fo heat the slabs fo the highest possible 
temperature without producing that intergran- 
ular disintegration known as "burning." The 
heating to the highest possible temperature is 
10 most c»nvenientl-y done in the slab furnace 
ahed of the continuous hot mill; but it is pos- 
sible to approximate the effect by separately an- 
riesling the s]bs at high temperatures, say, tem- 
peraues near 2500 ° F., and subsequently ro]1- 
15 ing ttem at lvcertemperatures, sa:, at temper- 
atnr, es near 2300 ° F. After the separate anneal- 
ing, the slabs may be cooled, and thon reheated 
to the lower temperatures in the usual slab fur- 
20 The buïning to which we bave referred is a 
progressve intergranular disi.ntegratien probab]y 
due to oxidation or to the migration of inter- 
grnuar substances or bth,, and usua]ly occurs 
in. the neighborhood of 2600 ° F. in a-n oxidizing 
25 atmosphere. Wh.i]e somewhat hher tempera- 
ures might safely be employed in a separa.te 
a-nnealing furnace in which-a nen-oxidizing at- 
mosphere can be mintained, we: usualy prefer to 
carry on the slab heating in the ordina:y slab 
30 furnaces which are a prt of tt/e hot continuous 
mi.ll irmtallation. Since the measurement of 
hese high temperatures presents some diiïicul- 
ries and will usua]ly be accomp]ished by the use 
of pyrometers located either a the. exig of the 
35 slab furnace or between the roughing and fin- 
ishing stnls of the hot continuous milÏ, calcu- 
lations of actual temperatures wfll normally be 
réquired, although i.t is possible to use a radia- 
tion pyrometer inside the slab furnace. If wfll 
0 be found preferble.to opergte with a margin of 
safety under the burning temperature. We bave 
round thut excellent results may be attained by 
heating the slabs to temperatures lying substan- 
tially be_tween- 2300 ° F. and about 2550 ° F. with 
45 the em-phsis on the higher temperatures for 
botter results. The rime during which the sla-bs 
are held at the highest temperature is no of 
màximum importance; but it. must be remem- 
bered, that pyrometer measurements are usually 
0 measurements of surface temperatures» so that 
care shou]d be taken to make. sure that the in- 
.ter.ibr portions of the slabs ae brought up to 
the desired temperature. This can most con- 
veniently be accomplished by holding the slab àt 
5 temperature for a period of time. For example, 
sàtisfactory results ae secur.ed in heating slabs 
3-in.-thick to a temperatue of abou 2550  F. 
.if £he f.uxnace £emperature is bove that value 
and the-slabs are permitted to.remain in. thes]ab 
60 furnace.for a-t leasf about 30.minutes ater thelr 
surfaces ha-ve attained temperatures of-bout 
2300 ° F; 
We prefer to heat out slabs to tempertures 
within the above noted range, preferably to rem- 
65 pertures around or ab0ve 2500 .° F. 
A typical but non-limiting ro.uting for oriented 
ailicon steel including the principles of this in- 
véntï0n may be set forth as follows: 
ï.0 Heat. ingots to about 2350 ° F. 
Roll, into slabs of an appropriate thickness 
which will usually be 3 in. fo 6-in., but may be 
varied depending upon the size o,f coil desired. 
Heat slabs in slab furnace to the maximum 
7 temperature possible wit, hout burning. 
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Hot roll the slabs as rapidly as possible to a 
thickness 5.5 to 9 times the final thickness. 
Open anneal the hot rolled material ata tem- 
perature between 1400 ° and 2000 ° F. and pickle. 
Cold roll the annealed material to a thicknesi 
between 1.3 and 2.5 rimes the final thickness. 
Open anneal the cold rolled material at a 
temperature between 1400 ° and 1850 ° F. 
Cold roll to final gauge. 
Open anneal preferably in a decarburizing at- 1o 
mosphere, as in wet reducing gas, at about 
1500 ° F. 
Box anneal the product in dry hydrogen at 
2000 ° F. or above, preferably at around 2100 ° F. 
In such an exemplary process, the raising of 
the slab temperature rom a temperature of about 
2100 ° F. to the highest attainable temperature 
without burning, say, a temperature of about 
2550 ° F., all other conditions remalning the same, 
wlll produce an increase of 100 to 280 in per- 
meability measured at 10 oersteds. The degree 
of improvement will vary depending upon the 
values chosen for the processing variables with- 
in the exemplary ranges. 
We have also investigated other variables con- 25 
nected with treatment prior to cold rolling. The 
temperature to which the ingots are heated prior 
to slabbing has some effect, and increase in ingot 
temperature wfll produce a relatively small in- 
crease In ultimate permeability in the rolllng 3o 
direction. Thereïore, we prefer to heat the in- 
gots to about 2300 » F. or above. 
The actual temperature at which the hot roll- 
ing is carried on is hot of maximum importance 
In itself. It will be understood that the tempera- 35 
ture at which the hot rolling is completed may 
be determined to a considerable extent by the 
initial slab temperature, so that a high slab tem- 
perature nsually makes for hot rolling at higher 
temperatures. The most important processing 4O 
variable at and prior to the hot rolling stage 
the attainment by the slabs of a high tempera- 
ture as taught herein, hot the temperature at 
which the hot rolling itself is conducted or fin- 
ished. However, we prefer to hot roll the slabs 45 
to gauge promptly and with no more cooling 
than is inherent in the operation of the par- 
ticular apparatus at hand. 
The heating of slabs to the temperatures here- 
in taught appears to increase their grain size, 50 
and to affect the result of subsequent steps in 
any routing for the production of oriented sfli- 
con steel to the extent of producing a marked 
and valuable increase in the ultimate permeabfl- 
ity and directional characteristics. 
Modifications may. be made in our invention 
without departing from the spirit of it. Having 
thus described out invention in certain exemplary 
embodiments, what we claire as new and desire 
to secure by Letters Patent is: 60 
1. A process of producing highly oriented ifli- 
con steel for magnetic purposes, said steel con- 
taining substantially 2.5 to 4 % sillcon, includ- 
ing as steps an initial hot rolllng of the steel 
from slabs followed by a cold rolllng treatment 
and a final high temperature anneal, which proc- 
ess is characterized by the step of heating the 
said slab prior to hot rolling to a temperature 
of substantially 2500 ° F. 
2. A process of producing highly oriented stli- 70 
con steel for magnetic purDoses having as steps 
a heating of silicon steel ingots, said ingots 
containlng substantially 2.5 to 4% silicon, a 
Formation of said ingots into slabs, and a hot 
rolttn o the teel rom aid labs ollowed by 75 

at least orlé C01d rolling treatment aiid a fïnai 
high timperature box anneal, which process is 
characterized by the steps of heating said ingots 
to a temperature of at least substantially 2300 ° 
'. preparatory to slabbing, and heating laid 
slabs prior to hot rolling to a temperature above 
about 2300 ° and up to about 2550 ° F. 
 3. A process of producing highly oriented sili- 
con steel ïor magnetic purposes having as steps 
an initial hot rolling of the steel containing sub- 
stantially 2.5 to 4% silicon ïrom slabs ollowed 
by at least one cold rolling treatment and a final 
high temperature anneal, which process is char- 
acterized by the step of heating laid slabs prior 
to hot rolling to temperatures above about 2300 
and up to about 2550 ° P. 
4. A process of producing highly oriented sili- 
con steel for magnetic purposes, said steel con- 
taining substantially 2.5% to 4% silicon, having 
as steps an initial hot rolllng of the steel from 
slabs followed by two cold rolllng stages and 
an intermediate anneàl, which process is char- 
acterized by the step of heating the sald slabs 
lorior to hot rolling to a temperaturé above about 
2300 ° P. and up to about 2550 ° P. 
5. The process claimed in claim 4 including 
the steps oï orming said slabs from ingots and 
heating said ingots prior to slabbing to a tem- 
perature o at least substantially 2300 ° P. 
6. The process claimed in claim 4 in whlch 
said intermediate anneal is an open anneal at 
a temperature substantially between 1400 ° and 
1850 ° P. 
7. The process claimed in claim 4 in which the 
second cold rolling step is followed by a decar- 
burizing treatment including an open anneal, 
and by a final box anneal. 
8. The process claimed in claim 4 in which 
said intermediate anneal ls an open anneal at 
a temperature substantially between 1400 ° and 
1850 ° F., in which the second cold rolling steP 
is followed by an open anneal and by a final box 
anneal in dry hydrogen ai a temperature of 
substantially 2100 ° F. 
9. The process of claire 8 in which the steel 
is open annealed at a temperature of substan- 
tially 1400 ° to 2000 ° F. between the hot rolllng 
and the flrst cold rolling treatments. 
10. A process of producing highly orlented s111- 
con steel for magnetic purposes, said steel con- 
taining substantially %5 to 4% silicon, having 
as steps an initial hot rolling of the steel from 
slabs followed by at least one cold rolllng treat- 
ment and a final high temperature anneal, which 
process is characterized by the steps o£ heating 
sald slabs prior to hot rolling to temperatures 
sb0ve about 2300 ° and up to about 2550 ° F., cool- 
ing said slabs and reheathag them to a tempera- 
ture appropriate for hot rolling. 
MARTIN F. LITTMANN. 
JOSEPH E. HECK. 
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